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THEORY OF COMPUTATION 
CSCI 320, course # 44287 
TEST # 1 
March 19, 2014 

instructor: Bojana Obrenie 


NOTE: It is the policy of the Computer Science Department to issue a failing grade in the 
course to any student who either gives or receives help on any test. 

Your ability and readiness to follow the test protocol described below is a component of the 
technical proficiency evaluated by this test. If you violate the test protocol you will thereby 
indicate that you are not qualified to pass the test. 


this is a closed-book test, to which it is forbidden to bring anything that functions as: paper, calculator, 
hand-held organizer, computer, telephone, voice or video recorder or player, or any device other than pencils 
(pens), erasers and clocks; 

answers should be written only in the space marked “Answer: ” that follows the statement of the problem 
(unless stated otherwise); 

scratch should never be written in the answer space, but may be written in the enclosed scratch pad, the 
content of which will not be graded; 

any problem to which you give two or more (different) answers receives the grade of zero automatically; 

student name has to be written clearly on each page of the problem set and on the first page of scratch 
pad the during the first five minutes of the test —there is a penalty of at least 1 point for each missing 
name; 

when requested, hand in the problem set together with the scratch pad; 
once you leave the classroom, you cannot come back to the test; 

your handwriting must be legible, so as to leave no ambiguity whatsoever as to what exactly you have written. 

You may work on as many (or as few) problems as you wish, 
time: 75 minutes. 

each fully solved problem: 16 points, 
full credit: 80 points. 

C: 44 points. 


Good luck. 


problem: 

01 

02 

03 

04 

05 

06 

07 

total: 

;%] 

[ 

grade: 
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Problem 1 Let: E = {a, 6, c, d} and let L be the 
language defined by the regular expression: 

(a U b U c) (b U c U d) (A U a) 

State the cardinality of each of the following sets. 
(For a finite set, state the exact number. For an in¬ 
finite set, state that it is infinite and specify whether 
it is countable or not.) 

Note: If you are to receive any credit for this prob¬ 
lem, the number of your correct answers must exceed 
the number of incorrect ones. In other words, every 
incorrect answer cancels out the credit earned by one 
correct answer; a missing answer is neither correct nor 
incorrect. If the score on this problem is negative, a 
score of zero is assigned for this problem. 

1. set of all strings over E with length equal to 3 

Answer: 

2. set of all subsets of E with exactly 3 elements 

Answer: 


LAST NAME: 


FIRST NAME: 


8. set of all infinite subsets of E ; 

Answer: 


T/v^nVUL &s\JL <£■ 


9. L 


Answer: 


12 


10 . L 


Answer: / OJ<Ji CXUn^b'^ 



11. L (complement of L in E*) 

Answer: 


/ 


W? h T-b^ CckJL- e 


3. set of all languages over S that contain exactly 
3 strings . 

Answer: T^pJ7\H^ OjfleL,COU^rb ^tfe 


4. set of all strings in L whose length is equal to 3 

Answer: /> 


set whose regular expression is A U 0 U a 

Answer/^ \ 

wCDcl. 

13. set whose regular expression is A* 0*ab 
Answer: 


5. set of all regular expressions over E 

Answer: 


rrfi n 


G. set of all context-free grammars over E 

Answer: _ w / til 

i nf 'n e 


7. set of all finite subsets of E 
Answer: _ . /v w ^ 


AA 



14. set whose regular expression is A 0 a 

Answer: ~ 

0 


15. set whose regular expression is A* U 0*UaU6 
Answer: 
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Problem 2 Let L\ be the language represented 
by the regular expression: 

a*d*6*c* 

Let L 2 be the language generated by the context-free 
grammar G 2 — (V,E,P, 5 2 ), where £ = {a,b,c, d}, 
y = {5 2 }, and the production set P is: 

—> C 1 S 2 CC I ddS 2 & I A 



dite 6 distinct strings that belong to L\ but do 
not belong to L 2 (belong to L\ \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 


0. ? d) bjC * Ob j ac 

y j 3 3 



>) Write 6 distinct strings that belong to L 2 but do 
not belong to Li (belong to L 2 \ Li). If such strings 
do not exist, state it and explain why. 

Answer: 


dd 9ccm c*a Aaccccb> 


^ | * 

4 4/1/1 A /f hK 

y iA tv Ma 


\ l H 


/d/ 3 r I f J r'l / w / / / ( fyjif }\ 

V: •»>*' V ’■ '■«'?• ''A *V V Ws*' J } 

■« ' / 



yi a Ajtx- cl cl ctOovjo) 




dd c\c\ ddd Od cl mw 






jTjni - 









LAST NAME: 


FIRST NAME: 



Write 6 distinct strings over alphabet {a, 6, c, dj 
that do not belong to L\ and do not belong to L 2 
(belong to L\ DL 2 ). If such strings do not exist, state 
it and explain why. 


Answer: 


COj 0£\/ C'l C\ 


V 


K,1 


j 


c 


/ 


b Ad 



(e) Write 6 distinct strings that belong to L\ but do 
belong to L 2 . If such strings do not exist, state 
it and explain why. 


Answer: 


* >; 


Write 6 distinct strings that belong to L\ and L 2 
(belong to L\ flP 2 ). If such strings do not exist, state 
it and explain why. 

Answer: * 

arc , ddb/ addhu j a ddidhhcc ; 

(UX&dhcc tc 


(X (jC (A ) 


^ f /' 

14 iA V ^.,LW ) 


Jj Ik J A? f f /f f% ^ }\ 

/^t c/ Qt iA 0} G- k, t- ^ ^-J } 


. $ * 
1 


Acid beC <x c c) du 








r 



P.-r»; 4 rK\C£^SS 


*-»nrs*iw f<:> 
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Problem 2 Let Pi be the language represented 
by the regular expression: 

&*d*a*c* 

Let P 2 be the language generated by the context-free 
grammar G 2 = (!/,£, P, S 2 ), where S = {a,6,c,d}, 
P = {S 2 }, and the production set P is: 


—> bS 2 cc I ddS 2 a A 



Write 6 distinct strings that belong to L\ but do 
not belong to L 2 (belong to L\ \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 


(y 

(E- \o &<xOL 

(X 

c 





Write 6 distinct strings that belong to L 2 but do 
not belong to L x (belong to L 2 \ L\). If such strings 
do not exist, state it and explain why. 

Aiswer: 


Uceeccx 


/ 


I 





0 s ^ to*® b CCC-C- CC c_ 

Cb <A i 

d) AW 8 JMtv cc <xcjx_ 


i3v.Cc- 











LAST NAME: 


FUtST NAME: 


Write 6 distinct strings that belong to L x and L 2 

(belong to L\ flL 2 ). If such strings do not exist, state 
it and explain why. 

Answer: 


Q iocc 






(?) lotccxc 



fa 


(^f AVrite 6 distinct strings over alphabet {a, 6, c, d} 
do not belong to L\ and do not belong to L 2 
(belong to L\ flP 2 ). If such strings do not exist, state 
it and explain why. 

Answer: 


(b do 




Cc, 

d c A 

© C\(5 




A h> 

) Write 6 distinct strings that belong to L\ but do 
not belong to L 2 . If such strings do not exist, state 
it and explain why. 

Answer: 

f\ i 

U t s- 




&ot<Kdi<yLCs 

‘b CLcC LJsjWc 



41k 

ad bee Ok- SSbcCOs 

^ « Vcc Uocc 


/ /2J (I f, tfi, ft % II 

Ca(K 











y 


/ / 

/ 
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Problem 2 Let L\ be the language represented 
by the regular expression: 

‘ d*a*b*c* 

Let L 2 be the language generated by the context-free 
grammar G 2 = (V, E, P, S 2 ), whore E — {a, 6, c,d}, 
F = {5*2}, and the production set P is: 

— > ddS2C | aS2bb | A 

aj^wnte 6 distinct strings that belong to L\ but do 
belong to L 2 (belong to L\ \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 


a 

i 

& 



db 

ac 



Write 6 distinct strings that belong to L 2 but do 
not belong to L\ (belong to L 2 \ L 1 ). If such strings 
do not exist, state it and explain why. 

Answer: 

a clcip fb 

a a, a ad c ebb 


a 



oldd ecc bb 


cccccbb 

t 1 , * 

\c 3»a cx.ttcck 2 



L 


f”"' 


., v . 




1., 






LAST NAME: 


FIRST NAME: 


/ 

Write 6 distinct strings that belong to L\ and L 2 
(belong to Li flL 2 ). If such strings do not exist, state 
it and explain why. 

Answer: 



dA c 

Ck hb 




\ 




-0 

J w 



Write 6 distinct strings over alphabet {a, 6, c, d} 
that do not belong to L\ and do not belong to L 2 
(belong to L\ Pi £ 2 )- If such strings do not exist, state 
it and explain why. 

Answer: 


(A 


i 
fcd 

cd 

<LA 

eb 

t A. 



Write 6 distinct strings that belong to L\ but do 
not belong to L 2 . If such strings do not exist, state 
it and explain why. 

Answer: 

d decide 

A bb °v bb 

C bb oAd C bb 



d A C Ad (~ co C 
O' bvc?ab a b 0 
0 tpb 0 , y?* a 


Ia 









[ 

1 








b P v r r m 2 ] L<3t Ll be the lan S ua g e represented 
by the regular expression: 

c*d*b*a* 

Let L, be the language generated by the context-free 

rr,T. 2 7 W' Z ’ P ’ S >)’ S = {u,6,c,d}. 

1 ^ 2 }, and -the production set P is: 





S 2 -» cch^a j ^266 | A 

not h^ ite ! di f i “ t StringS that belon S t0 A but do 
t belong to L 2 (belong to L x \ L 2 ). If such strings 

do not exist, state it and explain why. § 

Answer: j \ * 

*)cA 
3) & 


c 


cl!? b 


V c A 4 

t) CA&& 



Write 6 distinct strings that belong to U but do 
not belong to Lx (belong to L 2 \ Lx). If such strings 
o not exist, state it and explain why. 

.Answer: j) d-C^CL^h 

d ccc^ Licxfp) 

3j ct CC CC Od Cl^cx. \> j) 

L ) dec. cc cccc a<c a a ]> i> 

y) ck Cc Cc Cc Cc cc qactqqj, \j 
V d CC CCCCCC CC cc awqq j)J, 


LASTNAME: 


FIRST NAMF. 

(pWite 6 distinct strings that belong to L, and L, 

(belong to I, nig). If such strings do no, exist slat 
it and explain why. ’ 6 

Answer: /) CC d bb Q. 

0 A 

c C. <d<d bl b b Cic 
P Gc dd A bbbb bb q 
P) CCdddd bbbb bb bb A 

C) dbb 



Write 6 distinct strings over alphabet {a b c d\ 
( do not belong to Lx and do not belong to 'L 2 

it ai^dexplain'why.' St ™ gS d ° n0t 6XiSt ’ State 

Answer: |) CCl4 

J) dab 
2) bo. A 
b) $ A 

*) a c. 
b) ah 


■Write 6 distinct strings that belong to LX but do 

it an^explain why.^ ^ Stl ' ingS d ° DOt ° XiSt ’ State 

Answer: jj C CO d bb 



C COL CddC 

&) b b <4 b b> 


k) CCA Cca dbj) 

P) C cadbbCcjx 

dj d bh CCdi dbh 








■ "rta-i w .. ; 




--- 
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'~r ft •?•.».--- ^ 


Problem 2 Let L\ be the language represented 
by the regular expression: 

* c*d*6*a* 

Let L 2 be the language generated by the context-free 
grammar G 2 = (P,E,P,5 2 ), where E = {a,6,c,d}, 
V — {5 2 }, and the production set P is: 


S 2 —> ccS 2 cl I dS 2 bb | A 




(a)yWnte 6 distinct strings that belong to L\ but do 
belong to L 2 (belong to L\ \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 


(h 


b § C 


) 


°L CV c) , Ow \) 



0 Write 6 distinct strings that belong to L 2 but do 
not belong to L\ (belong to L 2 \L\). If such strings 
do not exist, state it and explain why. 

Answer: 


d c c a h K 
^ c c c c ck (k b b 

c) i C t a. b Id t b 

^ c ^cc a a k 

d C C a h b b b b d 

^ ^ c c c c 


LAST NAME: 


IRST NAME 


c) Write 6 distinct strings that belong to L\ and L 2 

(belong to L\ nP 2 ). If such strings do not exist, state 
it and explain why. 

Answer: ^ 

c c cx 

d bh 


c 




i \ t 

0 DO Ca 



c c c c a. a 

d 6 b b i ^ 

c C J t 


CxCa 


Write 6 distinct strings over alphabet {a, b, c, d } 
that do not belong to L\ and do not belong to L 2 
(belong toIinL 2 )- If such strings do not exist, state 
it and explain why. 

Answer: , 

x b 

(X c 

A c) 
cv be 

A b<) 
c\ b c d 



Write 6 distinct strings that belong to L\ but do 
not belong to L 2 . If such strings do not exist, state 
it and explain why. 

Answer: 



A 4 R 

i | 1 

C C CK 

b b b 

t i 1. 

At) 

bo o 

l LLi 1 \ 

C C Cv 

o © bbbb 

d hb i 


0 c C C\ 


1 Cc c 


•A. 


L \ 


to h 


C C ca C No L ^ \o V, 

dob Cc Ck CCO 





' '1 «XTJ - 


/ / 
/ / 

/ 
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Problem 2 Let L\ be the language represented 
by the regular expression: 

‘ d*a*6*c* 

Let P 2 be the language generated by the context-fr 
grammar G 2 = (P,E,P, 5 2 ), where E = {a, 6, c, dj, 
V* — { 52 }, and the production set P is: 


52 —)• ddS2C I aS2bb I A 




Write 6 distinct strings that belong to L\ but do 
not belong to P 2 (belong to L\ \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 


cm 


be 


C 

d 

A 

k 





Write 6 distinct strings that belong to P 2 but do 
not belong to L\ (belong to P 2 \ Pi). If such strings 
do not exist, state it and explain why. 



0 


o . 


aA A b c b b bb 




A ,4 


\ 


t ’ ( 

W' s 




OvACA rj 


\ 5 


CL- Vp^ - O 


booh 

'V 


) 1 

fcm 


1 


n h h 

^ C/ w/ 


e ex c\ c\ c\ cl d c b 


o 0 h a h * 

w w o u 


I 

-• 


M f I r) |iD l 

w w 


LAST NAME: 


FI&ST NAME: 


Write 6 distinct strings that belong to a ana jo 2 
(belong to Pi 0P 2 ). If such strings do not exist, state 
it and explain why. 

Answer: 




C 

A o b> 

A A c C 

^ A b b LL 

d A d c J A c C c 

4 d<\ 




rite 6 distinct strings over alphabet {a, 6, c, d} 
do not belong to Pi and do not belong to P 2 
(belong to Pi nP 2 ). If such strings do not exist, state 
it and explain why. 

Answer: ^ j 

A 0/ 


K2S 


b C d- 

b C< 


C CA b 


o 



(epWrite 6 distinct strings that belong to P£ but do 
not belong to P 2 . If such strings do not exist, state 
it and explain why. 

Answer: 

A c 


d 

bh 



’Van* 


d 


v* 




i 1 

. C d d 


C 


^ b h ot li L a I 


r* a 


\ Vi 

/I 


* J 

4 1 

I I 

1 1 


w 0 Q C a d C U 


C 


^ H b 

















Problem 2 Let L\ be the language represented 
by the regular expression: 

a*d*b*c* 

Let L 2 be the language generated by the context-free 
grammar G 2 — (V,E,P, S 2 )) where E = {a, 6 , c, d}, 
V = {£ 2)5 and the production set P is: 


S2 C1S2CC | ddS 2 b | A 



Write 6 distinct strings that belong to L\ but do 
not belong to L 2 (belong to L\ \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 4 


a 


CC , c A aCv C\ 
I * 


cl 


b 



) Write 6 distinct strings that belong to L 2 but do 
not belong to Li (belong to L 2 \^i)- If such strings 
do not exist, state it and explain why. 


Answer: 


C\ cl cf ate Iq c c f 

Ck a 4 A 4db cc b>cc 

q cl cl a 4 4 q cc ^ ^ tC 












LAST NAME:! 


FIRST NAME 


(c) Write 6 distinct strings that belong to L\ and L 2 
(belong to L\ HL 2 ). If such strings do not exist, state 
it and explain why. 


Answer: 


<1 


d 41 c t 



q accCC 

Cy a acc c c cc 

Write 6 distinct strings over alphabet {a, 6 , c, d} 
"that do not belong to L\ and do not belong to P 2 
(belong to L\ PlP 2 ). If such strings do not exist, state 
it and explain why. 



Answer: 


4 h c q 

« 

CCC % 

h<\ 

c a 

r\ d C\ 

b4 



a dL cl4 C 4 cidC 4 £ c Vj cC t C l 


Write 6 distinct strings that belong to L\ but do 
not belong to L 2 . If such strings do not exist, state 
it and explain why. * . * , , 1 

adekace lc C ciJcWcbtc 
Q C C Q. CC <*CC 

adh dA. fa 


Answer: 


c c 


a 


C/f 4 C\ d 4 ftj -l C <1 4 Cv c c h cc ^ cc htC U' 


c 


cl elk ^4 b 
c\ a c.c cc aaccc.c 


* ^ *^4 *44 cJcLff L<t>« i>« l K < Cc 


r® t 







dd 44 tl) 










y / 
/ y 


/ 


m 


/ 


/ 


>*'«*•**»'*♦' .runo* •axctuzr, n£*&4r> 


■V 3-»SV'* 4 -;»vt r.-vr 








' 1 - w * r> <- -. • V' ?, 


Problem 2 Let L\ be the language represented 
by the regular expression: 

I 

“C*d*6*a* 

Let L 2 be the language generated by the context-fi 
grammar G 2 ~ (V,E,P, S 2 ), where E = {a, 6, c, d}, 
— {^ 2 }, and the production set P is: 


2 -y ccS 2 a | dS 2 bb | A 



Write 6 distinct strings that belong to L\ but do 
not belong to L 2 (belong to L x \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 


ccfd 

Cbb 

C<* 

b C\ 

i>b(X 




Write 6 distinct strings that belong to L 2 but do 
not belong to L\ (belong to L 2 \ L\). If such strings 
do not exist, state it and explain why. 

Answer: 



CC bV 


Lie* 



CC (A 



cbddcc(A LbUcWo 


o(c.CCCCX(X 




cccc 


cc cya(x \? y 


LAST NAME: 


FIRST NAME: 



/rite 6 distinct strings that belong to L\ and L 2 

(belong to L\ flZ^)- If such strings do not exist, state 
it and explain why. 

Answer: 

a 


C" f r 

V. -Vi M- \j 


l \ 
t s 



(X 


Cc 




o 


C^e. OM?b 

Write 6 distinct strings over alphabet {a, 6, c, d) 
that do not belong to L\ and do not belong to L 2 

(belong to L\DL 2 ). If such strings do not exist, state 
it and explain why. 

Answer: 



(AC 



ole 

acce 

bb c. 

dc(x 

) Write 6 distinct strings that belong to L\ but do 
not belong to L 2 . If such strings do not exist, state 
it and explain why. 

Answer: 

CEO. CCA 



(A kb d bb 



oca 





CCCXCCCWa 



old bbbb CC<9i. 








// 



Problem 2 Let L\ be the language represented 
by the regular expression: 


c*d*6*a* 


Let L 2 be the language generated by the context-free 
grammar G 2 = (V, E, where E = {a, 6, c, d}, 

]/ = { 52 }, and the unmuction set P is: 



52 —> ccS2a I dS2bb | A 


Write 6 distinct strings that belong to L\ but do 
not belong to L 2 (belong to L\ \ L 2 ). If such strings 
do not exist, state it and explain why. 

Answer: 

C c 

dcf I h 


CC old bh* ^ 


c 

dd 


c 


o 

b 



) Write 6 distinct strings that belong to L 2 but do 
not belong to L\ (belong to L 2 \ L\). If such strings 
do not exist, state it and explain why. 

Answer: 

of 


d(d C( ^ 


CL-C c cc 


ft. Cv K) o 


c c dec O, ]jL 


1 b d(C ipoh Ccbj? 


(C CC fll Cc Cv i t 


a cc. 




k '■ iVific’v.ia'ftr. w.**-*’! . 








T *V»«£i\f i»r 


tr*9r!.' r «rvfr9rtviSfe»i ; v 






***•* V'. r. 


LAST NAME: 




Write 6 distinct strings that belong to L\ and L 2 
"(belong to Li nI/ 2 ). If such strings do not exist, state 
it and explain why. 

cc oi UbCx . 


Answer: 


TV 


CC IK 

d bb 

CcCC 

dot 


d) Write 6 distinct strings over alphabet {a, 6, c, d} 
that do not belong to L\ and do not belong to L 2 
(belong to L\ PL 2 ). If such strings do not exist, state 
it and explain why. 


Answer: 


a c 

cc b 
net 


b d 
b C 



d c 


6 distinct strings that belong to L\ but do 
iot belong to L 2 . If such strings do not exist, state 
it and explain why. 

Answer: 


Cc CcCCtL 


OK h b 


SA b A, 


Cc cl cc ^ c c K 

i u 


1/ 


b (( cc 

' I r 


C C f ILL, a J 


Vy \y 

rr a L> ty cL ly Pj 


9 





IAS* 


/ 


/ 



Problem 3 Let L be the language defined by the 
regular expression: 


\(aa U bb)*d U c*d)* ab (ccc U ba*) 


'a) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 

A h 

A ns we r: —-—~ 


Ov 

c>\W j xtr* •*'*" *Vf) 


LAST NAME: 

1 1 

FIRST NAME! 




I 


Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 


Answer: 




* 



Jl if 


£ 

I 

i 


W 



f) 

LA 



jT' f- 

C- 


S' 


•ftsaqpsn 


O 


X 


\ 









--- 


/ 



/ 




r ,^ 






Problem 3 Let L be the language defined by the 
regular expression: 

(( ccUdd)* a U _6*a)* cd (aaa U dc*) 

(a) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 

Answer: 


LAST NAMF,' 


FIRST NA MR• 



(b) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 

l 



v, A 



7 


) 


S 


/ 



a, l 


6 




J 



p 



\ 



x 


Acd 

/-/ Pk I P A. j 



X 


H A’ CO H (old H j A 

F- If / a 

(k!X(\ I dC, 

C Co / A 



























kWWwroofclvu* 





•'* -«T< VXl'.Mev -n- •tv v ^ rv ., 1 .;,, y j 






/ 


/ 








Problem 3 Let L be the language defined by the 
regular expression: 


LAST NAME: 


FIRST NAME: 



((aa U bb)*d U c*d )* ab (ccc U 6a*) 


) Draw a state-transition graph of a finite automa 
ton that accepts the language L. If such an automa 
ton does not exist, state it and explain why 


Answer: 



b) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: / _ / v / ^ \ 

) dL** i J' ^ 


r 

hi 


&**'*,' 



V 


} 


<&- 
%rUV ‘ 


a**#*?** 


V' 


M 


jfr j 


1 s 


A 


c 


/ 




O 


if 

l » J jf e - 

A (5. r 

/ / ■ x 


s 


^f y 





b 



A4 I Del 


r\ 


A 





t 



oft i to ^ 


V? ssty ‘3 


> 



•>* 


E 


c I ^ 




s • _ 

1 





,1 


i 


H 



> 


v j 




1 

i 


.E E » 4 ‘ r % 

tA '*** r I ^ * 



















Problem 3 Let L be the language defined by the 
regular expression: 

((cc U dd)*a U 6*a)* cd (aaa U dc*) 


t'- 


LAST NAME! 


FIRST NAME 


(a) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton dies not exist, state it. and explain why. 


nswer: 
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fb) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 


Answer: 

C=tv>S.,?,S) 

ft-) b ) C j cL J 


i A ) Bj D 

> AccLB 



) t ) 


V- 

P- s- 

A X D I £ AA 


F 




p_5>A| cc [ dcL | Ft 
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Problem^ Let L be the language defined by the 
regulc^expression: 

({bb U cc)*a U 6 *a)* be (ccc U db *) 

(a) Draw a state-transition graph of a finite automa¬ 
ton that accepts ^he language L . If such an automa¬ 
ton does not exist, state it and explain why. 

Answer: 


LAST NAME: 




FIRST NAME: 



-A>) Write a complete formal definition of a context- 
(y free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 

C/& ] 

§ A be L 

A -> Da I Ea) 7\ I /VA 
D bb | cc \ A l PP 

^ ^ cce { dK 
i EL. 
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Problem 4 Let L\ be a language over the alphabet 
{a, b, c, d, e}, defined as follows: 


LAST NAME: 


FIRST NAME: 




L\ = {(2 rf" 6 C b ^ where Tfl)£,j ^ 0 } Write a complete formal definition of a context- 

^ free grammar that generates L 1 L 2 . If such a grammar 
does not exist, state it and explain why. 

Let L 2 be a language over the alphabet {a, 6, c, d, e}, Answer: 

defined as follows: C\~ L \/Pj 

L 2 — {b m+1 c e+ 2 d ? +3 a J+4 e^ 5 where m, £, j > 0 } ^ \^> t C > cL j -Qp 

V- ^ S'i j A)B)D) Szj b )P 2 H j 5 
P 1 S’-ATiSk 

S ~,-b>ABD 

A~b> A. | CLsP\djJ^ 

B A ( eeeff cc^c 

Flylokh fi) 

S'z.—^ A P 

E-^ F| Ft 

E-5> cz p tseeee / cFe 

H cL^gLacux.cl j 

Write a complete formal definition of a context- 
free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 

C= IV, T , P, S) 

^ / C, eL, '€Vl 

V-fSi,A,B,0,S^ 

p: S-i> X{ Si jSS 

f, -> A 50 

aAcUL 

i? \ ( ee-e g 6C £ C 

X( bbylo 4 j£) 



a) Write a complete formal definition of a context- 
free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 

Q i ^ C\/\) > Pi ) J 

\j\~\S\ > A) B, 

P, : S', -*> A6P 
A-^ A.( 

g -A A c ^cc 

P —> A hhkbbP 




») Write a complete formal definition of a context- 
free grammar that generates L 2 . If such a grammar 
does not exist, state it and explain why. 

Answer: 

1/2 - fsz , fc , F, H J 

pz - S 2 —s E F 

E L I 

p__>> c c |_| eeeee | ^ p ^ 

H A ClQSt., I JL H cl 
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Problem 4 Let L\ be a language over the alphabet 
{a,6, c, d, e}, defined as follows: 

Li — AjA where m, £ j > 0 } 


LAST NAME: 


FIRST NAME: 


Let L 2 be a language over the alphabet {a, 6, c, d, e}, 
defined as follows: 


(c) Write a complete formal definition of a context- 
free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 



,y+2 jrf-h8 m-j-4fy+5 ^ fl ~ ^ P X > ) 

c a_ e£Iy where m,i,j > 0 } L f y * 


? ^ b ; C /CL ^ | 


* ? 
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l) Write a complete formal definition of a context- 
free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 

( ^ 2, P , ^ | ) *2. - f by d , i 

f X , A . B, Pi 

s', -* n 3 p 

d ^ a i 

B -> a I sW 6 eee 

x | CCCC DtflLk 



Write a complete formal definition of a context- 
free grammar that generates L 2 . If such a grammar 
does not exist, state it and explain why. 

Answer: 

M/,S.P,^> -s:- la. fc>, f.d. e $ 

\J ~ l Al , £ , F, £ 1 




£F 


F -? €€€€<21 F 

£ J > 6 j olq&ix r b &o- 


6 -> sc 


AFI I s 


V ■= l Si,#,', A, fc, 

Ai -9 A |f 


y -7 a 
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0 X 

p ^ X I cccc WELLL 


(d) Write a complete formal definition of a context- 
free grammar that generates L 1 L 2 .lt such a grammar 
does not exist, state it and explain why. 

Answer: 
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V,Z,P, S* ) 


JSf " f A, b ,r, 5f , c 
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Problem 4 Let Li be a language over the alphabet 
{o,6, c, d,e}, defined as follows: 

L\ = {a m d 2 ^ e 3i C ^ where 171, l, j > 0 } 

u I-t L_—i 

e A S 

Let L'2 be a language over the alphabet {a, b, c , d, e}, 
defined as follows: 


LAST NAME: 


FIRST NAME 


L 9 = {b m+l 'C i+2 d M a m+4 e J+5 where m, i, j > 0 } 

" t—wi- J i—i 
m- o , 

A r ite a complete formal definition of a context- 
free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 



(c) Write a complete formal definition of a context- 
free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 

495^,6,5 3> 



P: 



l = £y,b,c,d,e!> 

6,e3 




f: 

dd Ac£ e l f) 

CCJxG Wtobb \ A 

Write a complete formal definition of a context- 
free grammar that generates Z.2- If such a giammar 
does not exist, state it and explain why. 

Answer: 

Gl- [ i ^ l) 


L ~y tccc^bbbbb \ /I 

hXL \ 7> 


(d) Write a complete formal definition of a context- 
free grammar that generates L 1 L 2 . If such a grammar 
does not exist, state it and explain why. 

Answer: ^ ^ 

Gdvibb 

' ^ 'VWWY 
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S,-> DZ. 
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2-> eZ.\ eeteC 
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Problem 4 Let Li be a language over the alphabet 
{a, 6, c, d, e}, defined as follows: 


LAST NAME: 


FIRST NAME: 


L\ — {a d e I C b ( where 777,, J > 0 } (c) Write a complete formal definition of a context- 

free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. f f \j y p cA 


Let L ‘2 be a language over the alphabet {a, 6, c, d, e}, 
defined as follows: 


Answer: 


L 2 = {6 m b c e+2 d M a m+A e j+5 where m,£,j > 0 } 





s 


Write a complete formal definition of a context- 
free grammar that generates L i. If such a grammar 
does not exist, state it and explain why. 

*.-«u 

= 0 ?, s) 

V = Is, A AD) 

A -> AA 1^1} 


Answer: 

ABD 


B cf J Q €•€ € I /\ 
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(LCC C DW: 




) Write a complete formal definition of a context- 
free grammar that generates L 2 . If such a grammar 
does not exist, state it and explain why. 


Answer: 
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A -(vaa) 

v ~ fi, F, 
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~ V 1 -; te; (,/a. 


,c b i r o_ 1 b 


14c M I « 


( 

.J 



t :--><<£ b : 


.-W- -*' F " 



U f ,4 A- 


AS A ft \A 


o 


I 


i> A 2 



A- -S A A | c\ { X 

B-^> Act Beee'A 
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(d) Write a complete formal definition of a context- 
free grammar that generates L 1 L 2 . If such a grammar 
does not exist, state it and explain why. 

Answer: 


6l ~ O, A, ?/ A 

c f 

RamAA ) 
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V = fs,s,v aad^B 


-> S, A 2_ A 
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6 B e ee IA 
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F hfaJ b ri c\a.a. 
Ha Iced 
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Problem 4 Let Li be a language over the alphabet 
{a, b, c, d, e}, defined as follows: 

,5m 74m ^34 24 


FIRST NAME: 


L i 


{a bm cT 

i_ i 

/V 


6 C 6*^ where 774, 7 > 0 } 

A> 9 


Let L 2 be a language over the alphabet {a, b, c, d, e} 
defined as follows: 


L 


| 6 m+o C e+A d^aP+ 2 e^ 1 where m,£j> 0 } 

/A " b 


(c) Write a complete formal definition of a context- 
free grammar that generates L 2 L]. If such a grammar 
does not exist, state it and explain why. 

Answer: 2 ^ ^ /• 

4 - (v ; a , Lv IS, fcip L, 

<f -• \ a, L c. , d. <? i 

C —7 p C 


3 f rr-f 


(a/Write a complete formal definition of a context- 
^ee grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 

Q = CV/ £ i 

- f c, V>,c, 3 ,e } 




pc 7 S, Ai&» lO 
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/FLO 


p: S 

A -) O&GGQ >4 < 

]/>-) dec G cc A 

0~) DO 1 b| X 


L ) (J;, H J 

(4 € d ec i A 

pm JJ| 0| > 

F A V\L. 

*-> 1 vlLUU?l 




(b) Write a complete formal definition of a context- 
free grammar that generates L 2 . If such a grammar 
does not exist, state it and explain why. 

Answer: 

„ W / C rfd .yC 3 * f 


(d) Write a complete formal definition of a context- 
free grammar that generates L 2 - If such a grammar 
does not exist, state it and explain why. 

Answer: ^ 3 ^ / V - £ c * M 

S->A6ls - >l > 
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Problem 5 Let L be the set of all strings over the 
alphabet {a, b} whose length is divisible by 2 or 9. 

(a) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 

Answer: 


LAST NAME: 

FIRST NAME: 

(c) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 



3** i b 

uy 


(b) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 

Answer: 














Problem 5 Let L be the set of all strings over the 
alphabet {a, b } whose length is divisible by 2 or 9. 

(a) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 

Answer: 


'a (7 h) (o. o b*) j 




LAST NAME- ! 

I 

FIRST NAMR- 

(c) Write a complete formal definition of a context- 
ree grammar that generates the language L. If such 
a grammar does not exist, state it and explain why 

Answer; = ("V, I , P y S) 
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'-'ty 
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i Q 


bt 'if - \ $ A , 15 
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O^YCaob) faob)faob) &vh)(aoh)(‘t<'b)) ^ A i B 

/\ -7 AA | Z- 2- [ 


? i X- 


B -7661 X 2 ZI- 

c\| b 
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(b) Diavv a state-transition graph of a finite automa- 

/ ton that acce Pts the language L. If such an automa- 
ton does not exist, state it and explain why. 


Answer: 
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Problem 5 Let L be the set of all strings over the 
alphabet {a, 6} whose length is divisible by 2 or 9. 

(a) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 











LAST NAME: 


FIRST NAME: 


(c) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 



t,p 
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0 -DG>'b 
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(b) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 

Answer: 
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Problem 5 Let L be the set of all strings over the 
alphabet {a, b} whose length is divisible by 3 or 8. 

(a) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 



LAST NAME: i 

FIRST NAME: 

(c) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 

C[ ^ C V) 2- ) P j S) 

1 P) 

j $ 11 silj 



S', 





(b) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 

Answer: 



















Problem 6 Let L be the set of all strings over the 
alphabet {a, 6, c} which satisfy all of the following 
conditions: 




TTi *t^TK -i tt» 4'.~au£cjKt*7<'*'-t»*..' a fV r * •** 










LAST NAME: 


FIRST NAME: 


1. contains an even number of c’s; 

2. contains at least one a. 


(a) Write 5 distinct strings that belong to L. If such 
strings do not exist, state it and explain why. 

Answer: 

aJb 

(/Job 

Cccc 

oJoCC 

(b) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 


Answer: 


Let? 2 =■ CCUsb)*~ j -then -the 

N&uiajr <expi^esribh -that r^nzt'eni-s 


L_ r S 


(d) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 


^cv^^s) 

V- fs,£,D,Z ,A^J 

P r Z j 0^0 


10 j loj 
A-^X ZcZc 




E-^AS 

0-> AZc 2 



(^Eczf-zcE^CE C&.-E f"Z c z 

(c) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 
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Problem 6 Let L be the set of all strings over the 
alphabet {a, 6, c} which satisfy all of the following 
conditions: 

, J r , (d) Write a complete formal definition of a context- 

1. contains an even number or c s; r t 

tree grammar that generates the language L. If such 

2. contains at least one b. a grammar does not exist, state it and explain why. 

Answer: 

(a) Write 5 distinct strings that belong to L. If such 
strings do not exist, state it and explain why. 

Answer: 


LAST NAME: 


iu.^K 


FIRST NAME: 


Dc 




(b) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 

Answer: 


(c) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 
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Problem 7 Let L be the set of all strings over the 
alphabet { a , 6, c} which satisfy all of the following 
properties. 

1. the length of the string is an odd number greater 
than 3; 

2. the middle letter is not c; 

3. the first letter is equal to the second letter; 

4. the last letter is different from the next-to-last 
letter. 

Write a complete formal definition of a context-free 
grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 

Z. - pi i P/ Cp 

l/= fs ,A, B,D) 

P- s-^EA D 

[ 2/\z 

E-^>aJLjc 


LAST NAME: T 
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FIRST NAME: j 












Problem 7 

alphabet {a, 
properties. 


Let L be the set of all strings over the 
6, c} which satisfy all of the following 


1. the length of the string is an odd number greater 
than 3; 


2. the middle letter is not a; 


3. the first letter is equal to the second letter; 

4/the last letter is different from the next-to-last 
letter. 

Write a complete formal definition of a context-free 
grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 




3 1' WWHTW - 








LAST NAME: 
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FIRST NAME: 
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Problem 7 Let L be the set of all strings over the 
alphabet {n,6,c} which satisfy all of the following 
properties. 

1. the length of the string is an odd number greater 
than 3; 

2. the middle letter is not a ; 

3. the hist letter is different from the second letter; 

4. the last letter is equal to the next-to-last letter. 

Write a complete formal definition of a context-free 
grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 



FIRST NAME’ 
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